The importance of nutrition support in intensive care has been recognised, but many factors may limit successful provision of patients' requirements. We conducted a twelve-month prospective audit, with intervention after six months, to determine whether longer-stay (>3 days) patients in our intensive care unit were receiving their nutritional requirements and to identify and improve factors limiting nutrition provision. Data was collected for 379 consecutive patients admitted to intensive care longer than three days. Total energy provided to each patient was recorded daily and compared with the predicted requirement. In the first six months, patients commenced nutrition 2.2±1.3 days after intensive care admission and were receiving 100% of predicted energy requirement by 4.8±3.3 days. Patients received nutrition on 82.3% of total patient-days, daily average 71.7% (43.2) of their energy requirement. Nutrition was interrupted on 30% of total patient-days. After six months, a Clinical Practice Improvement model was used to analyse reasons for inadequate feeding and introduce changes in practice. Main reasons for interruption included preparation for extubation and upper gastrointestinal intolerance. After intervention, interruptions due to these reasons were significantly reduced, however, no significant improvement was observed overall, either in the time to reach nutritional goals, or in the amount of energy received. Successful changes in practice, targeting only one or two main issues, can be overwhelmed by other factors. To effect significant improvement, a wider approach may be required.
Quality improvement has become an essential component of health care in Australia, with an emphasis on standardized methods of evaluating and improving processes and outcomes 1 . Previouslypublished studies indicate that intensive care patients often do not receive their target amount of nutrition, and this is of concern because malnutrition in hospitalized patients is a significant problem associated with increased mortality and morbidity [2] [3] [4] [5] . Critically ill patients are at increased nutritional risk, particularly when the illness is prolonged, and the importance of nutritional support in intensive care, particularly the benefit of early enteral feeding [6] [7] [8] [9] [10] , has consequently received greater recognition in recent years. The aim of this study was to follow a quality improvement process to determine whether longerstay (>3 days) patients in our intensive care unit (ICU) were receiving their nutritional requirements; to identify and address factors limiting nutrition provision; and then to reassess nutrition delivery to verify the impact of these interventions.
MATerIAlS AND MeTHODS
The study period consisted of a six-month audit period, followed by analysis and planning of interventions, after which audit data was collected for a further six months. The study was conducted in a 14-bed tertiary referral general intensive care unit. ethical approval was obtained from the ethics review Committee of the Central Sydney Area Health Service. All patients admitted to the Intensive Care Unit were prospectively enrolled, and patients' data were excluded from analysis if they were discharged from ICU within three days. each patient's predicted energy requirement was estimated using the modified Schofield equation with adjustment factors according to the condition of the patient 11, 12 . Care was taken to avoid overfeeding, as it has been suggested that many critically ill patients may benefit from 'permissive underfeeding': hypocaloric feeding that focuses on providing metabolic support only 13, 14 . 'Catch-up feeding', at a temporarily higher rate to make up lost feeding hours, was used only in patients assessed as being at low risk of overfeeding and where feeding was expected to be interrupted on more than two consecutive days. Nutritional goals were reviewed as needed if the condition of the patient changed. Nasogastric feeding was used wherever possible. The energy content provided to each patient was recorded daily until discharge from intensive care, and compared with the predicted requirement. reasons why nutrition was interrupted or decreased were also recorded. The main reasons for interruptions to nutrition were analysed using the N.S.W. Health Clinical Practice Improvement methods 1 . In accordance with this model, a Pareto chart was used to prioritize the causes of interrupted nutrition and identify those with the greatest potential for improvement. Cause-and-effect analysis of possible solutions then led to the choice of appropriate interventions to improve nutrition delivery, which were implemented simultaneously. Audit data was collected in the same way for the next six months to assess the effects of the interventions. Chi-square analysis was used to compare patient characteristics and interruptions to enteral feeding before and after intervention; all other statistical analysis was performed using ANOVA followed by Duncan's post hoc test. A P value of ≤0.05 was considered significant for all tests. Data is expressed as average (±SD) unless otherwise specified.
reSUlTS
During the first six months, 181 consecutive intensive care patients whose ICU admission lasted more than three days were enrolled. Patient characteristics and admission diagnoses are shown in Table 1 .
During the first six months, 121 patients were fed enterally, all but five of these fed intragastrically. eighteen patients were fed parenterally and 34 orally. Sixteen patients received both enteral and parenteral nutrition support for some period of their ICU admission; eight patients did not receive any form of nutrition during their ICU admission. For the 173 patients who received some form of nutrition, the average time elapsed before starting nutrition was 2.2 (±1.2) days after admission to ICU, and average time until receiving 100% of energy requirement was 4.8 (±3.3) days.
Neither time before starting nutrition nor time until receiving 100% of energy requirement differed significantly for the different types of feeding. However, parenterally fed patients were more likely to reach 100% of their requirements (15 of 18 parenterally fed patients (83%), compared to 79 of 120 (66%) enterally fed patients). The mean estimated energy requirement was 7575 kJ (±1340 kJ), equivalent to 22.94 kCal/kg body weight. Forty-four per cent of enterally fed patients had received >90% of their energy requirements for more than two consecutive days by day 7 of their ICU stay; 49% by day 21. Patients received nutrition on 82.3% of total patient-days and received nutrition meeting 100% of requirements on 33.8% of total patient-days. The average energy provided was 71.7 (±44.5)% of predicted requirements. This differed significantly for the different types of feeding: enterally fed patients received an average 70 (±43)% and parenterally fed patients received an average 88 (±29)% of their estimated requirements. The 16 patients receiving dual feeding (mainly those continuing parenteral nutrition while enteral feeding was being established) were over-fed, on average receiving 133 (±55)% of their estimated requirements on the days when they received both enteral and parenteral nutrition. Figure 1 indicates the relationship between admission diagnosis and nutrition provided. In general, surgical patients started feeding later than medical patients (P<0.001) and were fed on fewer days. In particular, respiratory patients started nutrition earlier than all others (P<0.001), and liver surgery (mostly transplant) and gastrointestinal surgery patients started nutrition significantly later (P<0.001) than all others. liver and gastrointestinal medical patients reached target feed rate later, but otherwise there was little difference in time taken to reach nutritional goals. Interruptions to feeding were investigated to explain these differences. FeeDing long-STay inTenSive care PaTienTS
Nutrition was interrupted or decreased on 30% of total patient-days. The main reasons that nutrition was interrupted or decreased included preparation for extubation, upper gastrointestinal intolerance, feeding tube problems, fasting for tests or surgical procedures. The most common reason was preparation for extubation, which accounted for 34% of feed interruptions, twice as many as any other reason. It was observed that many of these interruptions were unnecessary: feeds were often stopped speculatively, several hours before a possible extubation which then might not take place. In some patients this * † ‡ * † † occurred more than once. Other significant factors included upper gastrointestinal intolerance, which appeared to be managed inconsistently, and delays in resuming feeds postoperatively, particularly after gastrointestinal surgery and liver transplantation.
Intervention
A review of ICU practices was carried out using cause-and-effect analysis 1 , and procedures were changed to reduce the frequency and duration of the feeding interruptions. For example, the practice of stopping tube-feeds in anticipation of a possible extubation was avoided wherever possible. Instead, tube-feeds were not stopped until a firm decision to extubate had been made, and the feeds were recommenced as soon as possible after extubation once the patient had been reviewed. An evidencebased enteral feeding protocol was developed, which emphasized abdominal assessment and discouraged stopping of tube-feeds. Instead, gastric residuals were checked every four hours and feed rate was decreased, not stopped, if two consecutive residuals were >200 ml. This protocol also incorporated guidelines for recommencing feeds postoperatively, and, in particular, an agreement was made with the liver transplantation team to resume appropriate nutrition on day 1 following liver transplant, after surgical review. Nursing and junior medical staff received inservices about the protocol, which was made available at each bedside and on the hospital's intranet service.
As part of the intervention phase, an initial data collection indicated that these interventions were significantly improving nutrition delivery. Data was collected for a further six months to ascertain whether the change in practice resulted in an improvement in nutrition provision. One hundred and ninety eight consecutive intensive care patients whose ICU admission lasted longer than three days were enrolled in the post-intervention period (see Table 1 for patient characteristics).
Effect of intervention
In the post-intervention audit period, there were fewer feeding interruptions that were in breach of the enteral feeding protocol (P=0.022), but this did not lead to an overall reduction in interruptions due to upper gastrointestinal intolerance. Figure 3 shows the effect of intervention on the frequency of feeding interruptions.
The frequency of interruptions due to extubation was significantly reduced (P<0.05), but there was no reduction in interruptions due to any of the other common reasons. respiratory patients as a group did not receive significantly more nutrition, and there was no significant improvement in the average amount of nutrition received by ICU patients overall ( Table 2 ).
DISCUSSION
Our audit indicated that longer-stay critically ill patients do not receive the nutrition that they are prescribed. They received only 71.7% of their predicted energy requirements on average (only 62.1% during the first 7 days of ICU admission), and received negligible nutrition for 25% of their time in ICU.
reviewing extubation practices succeeded in reducing feeding interruptions due to this reason, but S. Ferrie, D. McWilliaM Figure 3 : effect of intervention on nutrition interruption rate. three days. This is perhaps due to perceptions that prokinetic agents are only weakly effective and that the placement of post-pyloric feeding tubes is logistically difficult. The newer self-migrating feeding tubes may make it easier to use the latter strategy more consistently. Supplementing enteral intake with parenteral nutrition would allow patients' needs to be met when there are problems with enteral nutrition. However, there was a reluctance to do this when the interruption was thought likely to be transient, due to the increased problems and costs associated with parenteral nutrition.
A comparison with similar published studies [15] [16] [17] [18] suggests that these results are typical for critically ill patients. In these studies, as in our unit, patients in intensive care received only 49 to 71% of their predicted needs in the first one to three weeks of their ICU admission. Feeding of critically ill patients has increasingly emphasised the avoidance of overfeeding, moving away from the hyperalimentation approach of earlier days. This has led to the suggestion that nutritional goals should be reduced in some patients, so that it may be appropriate to aim for only 70% of predicted needs or even lower 13, 14 . In our study, patients were assessed individually to ensure that nutritional goals were appropriate, and these were reviewed regularly and altered promptly if the condition of the patient changed. even at a lower level of feeding, it is inappropriate to be complacent about unnecessary or undesirable interruptions to nutrition support. When patients are to be given reduced amounts of energy, adequate protein and micronutrients are still necessary, perhaps at higher than usual levels, and it is still important to meet the nutritional goals that are set for the individual patient.
We followed the N.S.W. Health Clinical Practice Improvement model to identify the main causes of inadequate nutrition delivery and to identify changes that should lead to an improvement. This model is based on the approach of identifying, prioritizing, testing and evaluating individual changes to practice, until an intervention is found that will be suitable for broader implementation. The model allows more than one change to be tested at the same time, but the emphasis is still on individual targeted interventions. Our audit, conducted over a full year, was large enough to show a clinically significant benefit. The results indicate that individual interventions may not be adequate to achieve significant, sustained improvements in an area such as nutrition support delivery in the intensive care unit.
The success of nutrition support is affected by FeeDing long-STay inTenSive care PaTienTS did not significantly increase nutrition provision overall, despite the fact that there were significantly more respiratory patients in the post-intervention group.
Compliance with the enteral feeding protocol was good, but did not affect the number of interruptions to nutrition delivery. This suggests that our interventions were successfully implemented but insufficient to result in a significant improvement, perhaps because of the large number of other factors affecting nutrition delivery to ICU patients. Other than for extubation, major reasons why feeds were interrupted or decreased included upper gastrointestinal intolerance, fasting for tests or surgery, and surgeons' instructions. Having a structured enteral feeding protocol should improve management of upper gastrointestinal intolerance, but, despite a significant reduction in feeding interruptions that breached the protocol, there was no overall decrease in interruptions. There were significantly more trauma/ burns patients in the post-intervention group, and these patients might be expected to have a larger number of unavoidable interruptions due to surgical procedures. Our protocol recommends that fasting times for surgery or tests should be minimized, but it was noted that this did not always happen. Opinion regarding appropriate fasting times both before and after surgery appeared to be variable amongst the surgeons and poor communication between surgical and intensive care teams contributes to feeding delays. The use of prokinetic agents, and post-pyloric feeding, might be expected to improve feeding tolerance. Both of these strategies were included in the enteral feeding protocol, but were used in very few patients even in the post-intervention period, and appeared to have been reserved for those with persistent intolerance lasting more than two or a large number of different factors. In addition to dietitians and their support staff, many other intensive care personnel (including intensivists and visiting medical staff, nursing staff, speech pathologists and physiotherapists) may influence nutrition support practices in the intensive care unit. Other factors affecting nutrition support delivery might include the scheduling of treatments, tests and other procedures; the need to interrupt feeding for delivery of particular medications; and even equipment ordering, delivery and storage. Targeting only one or two of these may mean that successful changes in one area can be overwhelmed by other factors. It is also difficult to maintain behaviour change when the outcomes lack visibility. When outcomes are obvious, or have a direct impact on staff workload, they can help to reinforce behaviour. This is not usually the case for nutrition, where the long-term outcomes may only be seen quite some time after discharge from intensive care, and any achievements in short-term processes, such as meeting nutritional goals, can be observed only retrospectively. Unless a feedback system is formally set up, there is no direct connection between these processes and the behaviour that contributes to their success or failure.
The quality improvement approach, using individual targeted interventions and gradual small changes in practice, is an appropriate way to address issues that are affected by only a small number of factors. For a multifactorial problem, such as nutrition support delivery in intensive care, a wider approach may be indicated. Instead of small, individual changes, a multidisciplinary, multi-dimensional approach is required. This includes broad implementation of evidencebased protocols, education at all levels of intensive care staff, and the prominent display of feedback on nutritional processes 19 . An approach such as this may be required in order to achieve and maintain significant improvement in nutritional outcomes. reFereNCeS
